Background: Adequately excising varicose and incompetent perforating veins is necessary for reducing their recurrence rate of venous ulcer. Method: In total, 66 venous ulcers (C6) in 1083 legs with primary varicose veins were managed through endoscopicassisted surgery. In an endoscopic operative view, the nonvaricose, varicose, and incompetent perforating veins were clearly visualized and precisely dissected. The varicose and incompetent perforating veins were divided and completely excised. Result: The varicose veins were traced to the base or periphery of the 55 ulcers. Moreover, 89.4% of the ulcers healed within 14 weeks. Kaplan-Meier analysis revealed a five-year recurrence rate of 0.0%, and the satisfaction mean score was 4.6. Conclusion: Endoscopic-assisted surgery can be used to radically excise varicose veins complicated with venous ulcers; the surgery yields low recurrence and high satisfaction rates.
Introduction
Venous ulcers may occur as a late complication in cases of varicose veins. For evaluating the underlying abnormalities, Darke and Penfold categorized venous ulceration into four types and reported type IV ulcers in 22% of patients with postphlebitic damage and a type of primary varicose veins in the remaining patients (78%). 1 In their study of venous ulcers, Blair and Homsho reported superficial and deep venous diseases in 87% and 38% of legs, respectively. 2 Labropoulos et al. 3 used colour-flow duplex imaging to investigate the distribution of reflux in the ulceration area and demonstrated that 86% of ulcers had some degree of reflux in the local area. Chronic venous insufficiency can occur in any vein and at any location of the lower leg; however, in one study, more than 85% of patients with this insufficiency had superficial vein disease. 4 Varicose veins have been considered a potential risk factor for venous ulceration. 5, 6 Varicose veins can be managed with conservative compression stocking treatment or surgery. In primary varicose veins complicated with venous ulceration, the complete removal of varicosities of the diseased trunk and its tributaries as well as the ligation of incompetent perforators relieved venous hypertension, resulted in effective healing, and reduced the recurrence rate. 2, [5] [6] [7] [8] In a randomized controlled trial, Barwell et al. 9 reported that the 12-month ulcer recurrence rates were significantly reduced in the comparison in the surgery group than the compression alone group. 9 Varicose veins vary widely in location and number. In his cadaver studies, Thomson observed that no two legs exhibited the same superficial venous arrangement. 10 During endoscopic-assisted surgery, the anatomy of the varicose veins of each leg exhibited individual variation and complexity. 11 The factors for recurrence of varicose veins are inadequate removal of varicosities of the trunk and tributaries as well as the persistence of incompetent perforating veins (IPVs).
12-14 Obermayer et al. 15 reported a low recurrence rate of 5% when a surgical procedure was used to abolish venous reflux in superficial and perforating veins in order to reduce venous hypertension in the affected area and entire leg. Superior illumination and a magnified monitor view provided by surgical endoscopes enable clearly visualizing and identifying varicosities of the trunk and tributaries as well as IPV and nonvaricose veins. Lin et al. 8 and Wangchen et al. 16 have managed primary varicose veins and associated complicated venous ulcers through endoscopy and achieved a low recurrence rate (2.4-7.3%). In this study, the underlying varicose veins, healing time, recurrence rate, and patient satisfaction level were evaluated.
Surgical management
The procedure for managing primary varicose veins through endoscopy has been previously described. 14, 17 The varicose veins were preoperatively detected through inspection and palpation and marked using a marker after the patients had stood for 5-10 minutes to allow the veins to fill and dilate. The operations were performed under general anaesthesia; the operated legs were exsanguinated using an Esmarch bandage and maintained with a tourniquet. The access wound was an incision (length, 2.5-3.0 cm) in the skin over the varicose veins. Initially, an optical space was created with sufficient space for inserting the retractor-mounted endoscopic system and surgical instruments for the operation. During dissection, CO 2 insufflation was not used. The operation was initiated in the proximal part of the legs where inflammatory changes were minimal or even absent on the skin over the varicosities. On the basis of the extent and location of the varicose lesions, additional incisions 25 to 30 cm away from each other were required. In the lipodermatosclerotic area, multiple direct incisions were performed for open excision of the varicosities. The aim of this study is to completely eradicate the varicositic main trunk of the great saphenous veins (GSVs), varicositic tributaries, and IPVs, which are all in the suprafascial layer. Therefore, all procedures were performed suprafascially.
The clear illumination and magnified monitor view offered by an endoscope enable the identification of the varicose and nonvaricose veins in the operative field.
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The nonvaricositic veins were straight without tortuous, shining and elastic in appearance and not dilated. The varicositic GSV was identified by hypertrophic and dilated vein wall. Sometimes saccular or lateral bulging deformities were noted. The varicositic tributaries were flaccid, dilated, and tortuous. They formed a cluster frequently. After exsanguination, a perivascular space was observed around the collapsed varicose veins. Along this space, varicosities of the trunk and its tributaries as well as those of IPVs were dissected precisely from the surrounding subcutaneous tissues. All varicose veins under the marked skin were completely dissected, which was confirmed by inspecting the area between the marked lesions on the skin and the dissected veins in an endoscopic operative field. The transition zone between the varicose and nonvaricose veins of the GSV and tributaries was clipped and divided, and the nonvaricose veins were preserved. The IPVs were dissected, clipped, and divided when they were exposed during the suprafascial dissection.
Dissecting lipodermatosclerotic or fibrotic skin through the endoscopies was not possible; therefore, a direct incision over the varicositic veins was made to dissect and excise the causative veins. Portions of the varicose veins at the base or near the ulcer were dissected ( Figure 1 ). All varicosities of the main trunk and its tributaries as well of those of IPVs were excised after complete dissection.
The incision wound at or around the ulcer was kept open for secondary healing, but the other wounds were closed primarily without inserting a drain tube. The operated leg was dressed using a firm bandage (Elastic Bandages Õ , iming@supports.com.tw) for prevention of postoperative swelling for 7 to 10 days. The patients were later cared at the outpatient department for operative and ulcer wound healing. The compression therapy was not used for care of these ulcers. No anti-deep venous thrombosis prophylaxis was given to this cohort of patients.
Statistical analysis was performed using Graph Pad Prism software (Graph Pad Software Inc., San Diego, CA, USA). The rates of ulcer healing and recurrence were evaluated using Kaplan-Meier survival analysis.
Materials
The study protocol was approved by the Institutional Review Board of Kaohsiung Medical University Chung-Ho Memorial Hospital, and informed consent was obtained from all patients before enrolment. Between January 2004 and December 2014, 1083 legs with primary varicose veins were operated on through endoscopic-assisted surgery. A detailed review of the medical history and clinical examination of the venous problems was essential for diagnosing the varicose veins. Patients with a past medical history of phlebitis or thrombotic episodes were excluded. Venography or computed tomography angiography may be performed for the diagnosis of secondary varicose veins. If the ulcer was painful and located at the toes, heel, or bony prominent part of the foot, arterial ulcer should be assessed. Examination of the ankle brachial pressure index or arteriography to evaluate the severity of arterial system was helpful. These cases were excluded from this study. Only patients of primary varicose veins were included in this study. Of the 66 patients who had C6 venous ulcers were included, 21 (31.8%) were male and 45 (68.2%) were female. Furthermore, 39 patients (59.1%) had venous ulcers on the left leg, 27 (40.9%) on the right leg, and 4 (6.1%) on both legs. The mean patient age was 58 years (range, 30-84 years; Table 1 ).
Thirty-two (48.5%) patients who had ulcers infected with bacteria were admitted for infection control. Before the operation, the infections were controlled by washing the wound with an antiseptic solution, administering sensitive antibiotics, and using topical biological dressings. The wound was covered with a firm bandage for prevention of swelling for 7 to 10 postoperative days. In all cases, compression therapy was not suggested postoperatively.
Statistical analysis
The five-year recurrence rate was calculated using the Kaplan-Meier method. Univariate analyses included generating a Kaplan-Meier plot and performing logrank tests to evaluate the satisfaction rate and healing time as potential predictors of recurrence. P < .05 was considered statistically significant. 
Results
The duration of ulceration ranged from 1.5 months to 5 years, and the size of ulceration ranged from 0.25 to 79 cm 2 . Among the examined legs, 59 had single ulcers, 3 had 2 ulcers, and 4 had multiple ulcers. The ulcers were located in the medial malleolar area (n ¼ 27), lower anterior tibial area (n ¼ 27), middle anterior tibial area (n ¼ 5), lower lateral fibular area (n ¼ 3), lateral malleolar area (n ¼ 2), and above the medial malleolar area (n ¼ 11; Table 2 ). Moreover, 73% of the legs had skin changes indicative of lipodermatosclerosis.
The main trunk of the GSV showed the following conditions: varicose changes occurred in parts both above and below the knee in 14 legs, varicose changes occurred in the part below the knee in 25 legs, and nonvaricosities in the main trunk were intermingled with varicosities in the main trunk in 25 legs. In 16 legs, the main trunk of the GSV had no varicose changes, and the changes mainly occurred in branches.
Varicosities affected the anterior accessory of the GSV in addition to the GSV and posterior accessory of the GSV in 29 and 35 legs, respectively. Varicosities affected the posterior accessory of the GSV in addition to the GSV and anterior accessory of the GSV in 30 and 35 legs, respectively. Moreover, varicosities only affected the posterior accessory of the GSV, anterior accessory of the GSV, and posterolateral tributary vein in 11, 1, and 3 legs, respectively (Table 3) . Varicose changes in the posterior accessory of the GSV, anterior accessory of the GSV, GSV, and posterolateral tributary vein were observed in 53, 42, 39, and 3 legs, respectively. The underlying varicose vein was These veins were completely divided after being clipped with a clipper.
Incisions for excising the varicose veins underlying the lipodermatosclerotic skin area and ulcer tissues frequently resulted in delayed healing. The healing time was defined by the date of the efficient take of the skin graft or complete re-epithelization of the ulcer and incision wound. Skin grafting was performed in 13 cases for treating the ulcer and unhealed incision wound on the lipodermatosclerotic skin. The healing time ranged from 2 to 22 weeks; 48.5% and 89.4% of the ulcers healed within 8 and 14 weeks, Note: In cases of multiple ulcers, the ulcers may present at the same anatomic location.
respectively ( Figure 5 ). The mean healing time was 60.5 AE 31.2 days. One case of recurrent ulcer was observed 5 years and 11 months postoperatively. The Kaplan-Meier method showed a five-year recurrence rate of 0.0% ( Figure 6 ). The satisfaction rate for the operation was determined by phone follow-up by a registered nurse at least four months after the operation. The mean follow-up period was 58 months (range, 4 months-10 years). Three patients with a single ulcer each were lost to follow-up. Figure 7 shows the patient satisfaction rates: very satisfied (n ¼ 38; 60.3%), satisfied (n ¼ 23; 36.5%), neutral (n ¼ 1; 1.6%), and dissatisfied (n ¼ 1; 1.6%). No patient reported being very dissatisfied. The Likert scale was used for evaluation of satisfaction and was very satisfied (5), satisfied (4), neutral (3), dissatisfied (2), and very dissatisfied (1). The mean Likert score was 4.6. No significant difference was observed in the healing time among different satisfaction rate groups (P ¼ 0.166).
Postoperative wound infections occurred in nine cases. Patients might typically complain of transient numbness in the operative area. These symptoms spontaneously recovered three to four months postoperatively. No case of saphenous nerve injury or postoperative hematoma occurred. The mean hospitalization period, including that for the preoperative and postoperative control of the infected ulcers, was 5.5 days (range, 2-15 days).
Discussion
Venous hypertension is a chronic venous insufficiency resulting from increased micropermeability and white blood cells trapped in occluded capillaries. 18 These trapped cells induce catastrophic neutrophil activation and subsequent chronic inflammatory changes in the surrounding tissues as well as pigmentation, eczema, and lipodermatosclerosis. 18, 19 These changes alter cellular function and delay wound healing. [20] [21] [22] When these skin changes occur in the lower third of the leg, 22.7% of cases progress to C5 and C6 lesions. 8 Obermayer et al. 15 treated patients with chronic venous ulcers at different stages and supported using a surgical approach at the early stage. The early complete removal of insufficient veins can prevent their progression to venous ulceration. 8 Gohel et al. 23 reported that the long-term results of surgical correction of superficial venous reflex in addition to compression bandaging reduced the recurrence of ulcers at four years. In 10-year follow-up of a randomized, multicenter trial, van Gent et al. 24 reported that correcting venous hypertension by surgical treatment in patients with venous ulcer; the observed ulcer recurrence was 48.9% for the surgical group and 94.3% for the conservative group. In this study, all cases were in the late stage and complicated with active ulcers and infection (48.5%).
The anatomy of varicose veins varies greatly; supernumerary tributaries, varicose clusters, and a threedimensional relationship are observed among varicose veins. 11 The number and location of perforating veins also vary. 11 Varicose tributaries might not originate from the main trunk, and nonvaricose veins can intermingle with varicose veins. 11, 25, 26 Vein wall damage and varicose changes in the superficial venous system might occur in an ascending, descending, or multicentric manner. 27 Without detailed anatomical figures, these varicose veins might be inadequately excised.
An inadequate excision of varicose veins and the persistence of IPVs are the most common causes of varicose vein recurrence. 7, 12, 28, 29 In addition, an inadequate removal of the varicosities in venous ulcers resulted in high recurrence rates (26-69%). 30 Aggressive management yielded recurrence rates of 37% and 48% within three and five years, respectively. 31 To ensure a low recurrence rate, a radical excision of varicosities of the main trunk and its tributaries as well as IPVs is necessary.
12,32 Lin 14 and Lin et al. 17 have managed primary varicose veins through endoscopic-assisted surgery, achieving a satisfactorily low recurrence rate because all varicose veins and IPVs were radically excised. The superior illumination and magnified view offered by endoscopes enable clearly identifying the underlying varicose veins and their associated varicosities that lead to ulcers and precisely dissecting them from the proximal part down to the base or periphery in 55 ulcers (83.3%; cases 1-3). In the examined cases, complete dissection enabled the radical excision of the underlying varicose veins and their associated varicosities and perforating veins. Previous reports have also reported that surgical treatment is a satisfactory alternative, with up to 90% healing of venous ulcers. 1, 8, 33 Wright emphasized that superficial vein surgery should be considered to reduce ulcer recurrence because the majority of leg ulcer patients had simple superficial vein disease. [34] [35] [36] In this study, Kaplan-Meier analysis revealed a five-year recurrence rate of 0.0%.
During the procedure, tourniquet was applied after exsanguination using an Esmarch bandage and the operative time was controlled no longer than 2.5 hours. Delicate dissection and precise division of the varicositic vein after clipping were performed. The operative field was nearly bloodless. Before wound closure, complete hemostasis was checked under endoscopic examination. Since there was no violent trauma or tear to vessels, these managements help to prevent occurrence of deep vein thrombosis. The patient was ambulatory on the day after the operation.
The subfascial endoscopic perforator surgery (SEPS) is safe, effective, and feasible as a component of a treatment program for venous insufficiency 37 and has been established in the North American SEPS Registry. 38 In meta-analysis of SEPS for chronic venous insufficiencies, Luebke and Brunkwall 39 found that there was short-term benefits of ulcer healing and the prevention of ulcer recurrence. SEPS combined with saphenous vein surgery is most advantageous. 40 Radical eradicating reflux of all potential sites was necessary for a high (>80%) healing rate. However, the SEPS technique has potential limitation of inability to reach all IPVs. In their review article, Malas et al. 41 found that adding SEPS with superficial vein surgery to compression did not improve the healing rate of venous ulcer or reduced recurrence rate. Therefore, further randomized trials are required for the long-term benefits of SEPS. 39 In this series, we did not perform SEPS to eradicate IPVs. However, the perforating veins encounted during the dissection were divided after clipped in suprafascial layer. The location and number of encounted IPVs were described in previous section of Results.
Varicose changes were frequently observed in posterior accessory of the GSV (53 legs) and anterior accessory of the GSV (42 legs). Both these tributaries were distributed in the middle and lower third of the leg; where lipodermatosclerosis affected 70% of the legs. Therefore, direct incisions were required to excise these embedded varicositic tributaries. However, excising the thin-walled and friable tributaries in this fibrotic area was difficult. Direct incisions might result in delayed healing or ulcer formation. [42] [43] [44] Obermayer et al. 15 reported that more than 80% of patients with venous leg ulcers recovered within six months after venous surgery, compression, and wound care. In the present study, in which healing time included the time required for incision wound healing, ulcer recovery, and efficient take of skin grafts, 89.4% of the ulcers recovered within 14 weeks.
Conclusion
Superior illumination and a magnified view offered by an endoscope enable clearly identifying and precisely excising the underlying varicose veins of an ulcer. The radical excision of superficial varicosities yielded a fiveyear recurrence rate of 0.0% and high patient satisfaction. Therefore, endoscopic-assisted surgery is suitable for managing venous ulcers.
